Objectives. To describe conservative and surgical foot care in patients with RA in England and explore factors that predict the type of foot care received.
Introduction
The propensity of RA to affect the joints of the hands and feet is familiar to patients and clinicians alike. Foot symptoms account for the initial presentation in $20% of patients, increasing with disease duration to eventually affect 90% of patients during the course of their disease [13] .
Repeated and chronic inflammatory changes of the joints and periarticular tissues result in important and irreversible structural changes [46] . The usual forefoot presentation is of retraction and dorsal subluxation of the lesser toes, displacement of the plantar fat pad and particularly hallux valgus, which has been reported in 80% of patients with established disease [7, 8] . Involvement of the mid-and rear-foot is less common initially, but manifests as tibialis posterior tendon dysfunction, flattening of the medial longitudinal arch and valgus deformity of the calcaneus [5, 9] .
In addition to physical deformity, patients with RA can endure neurological and vascular deficiency in their feet, which contributes to impaired tissue viability and ulceration [1013] . Furthermore, there is a growing body of evidence highlighting that these local changes within the foot have subsequent global impact on physical function, emotional well-being and quality of life in patients with RA [1416] .
Evidence for conservative treatment of foot pathology exists through randomized controlled trials that demonstrate the effectiveness of interventions including foot orthoses and specialist footwear in improving pain and foot-related quality of life in patients with RA [17, 18] . In comparison, however, despite some evidence from observational studies, there is a paucity of quality evidence for the effectiveness of foot surgery in RA [19, 20] .
Foot health services, particularly conservative care, may be provided by a variety of health professionals with some overlap between, for example, orthotists and podiatrists in the provision of this care. Despite this diversity, clinicians have expressed concerns as to the generally poor availability of foot health services across rheumatology [21, 22] . National surveys have identified large regional variation in provision of foot care resulting in suboptimal care [22] . In 2006, only one-quarter of rheumatology departments reported having access to a podiatrist and only 18% had foot health services dedicated to rheumatology [22] . This inadequacy of foot health service provision on the NHS has led to as few as 40% of rheumatology patients receiving any foot care, half of whom had to purchase it privately [23] .
To date, the only national study looking at foot health provision found large variation between regions [22] . Yet the only study looking at patients' use of foot health services in rheumatology investigates this in a single hospital [23] . To date, no study has investigated the use of foot heath services on a national level specifically in RA. The aim of this study was to describe foot care, including foot surgery, in patients with RA from a national perspective and to explore factors that predict the type of foot care received.
Methods

Participants
The Early Rheumatoid Arthritis Study (ERAS) is an inception cohort still in follow-up, which recruited patients between 1986 and 1998, from nine hospitals across England. Ethical approval was gained from the East Hertfordshire Ethics Committee. Consecutive assenting patients with RA were enrolled if symptoms had been present for <2 years and before initiation of DMARD therapy. Patients not meeting the 1987 ACR criteria [24] were followed up and subjected to subgroup analysis with patients being excluded if the diagnosis changed-for example, early RA changing to lupus. Further information regarding entry criteria and follow-up details has been described in previous reports [25, 26] .
All centres followed the UK published framework guidelines for management of RA in the 1990s, which include early use of sequential monotherapy, step-up combination therapy in patients with severe disease and judicious use of steroids. DMARDs were chosen according to the physician's preference, with SSZ the most commonly used first DMARD followed by MTX, as previously described. Biological agents were not used during the study period.
Data collection
Prospective standardized clinical and laboratory assessments were performed by trained metrologists at initial presentation and at an annual appointment. These included two articular indices; the Ritchie articular index (RAI) and a swollen joint count (SJC) of 59 joints, as described previously [26] , HAQ, a 100-mm visual analogue scale for pain and presence of extra-articular features and nodules. Disease activity was measured using the original three-variable disease activity score (DAS) based on tender joint count and SJC and acute-phase marker (ESR or CRP) as this was the main tool available at the time [27] . Standardized radiographs of the hands and feet taken at presentation and at 1, 2, 3, 5, 7 and 9 years were digitized, and then scored by one observer as reported previously [28] . Social deprivation was measured using the Carstairs deprivation index with scores derived from results of the 1991 census. Laboratory variables included ESR and presence of RF. Allied health professional (AHP) intervention (podiatrist and orthotist) along with provision of aids and appliances (walking aids) were recorded except where these were issued in the immediate post-operative period. Each inpatient episode was documented along with details of soft tissue, tendon or joint surgery resulting from RA as previously reported [29] . Full details of clinical and laboratory assessments employed in the cohort are described elsewhere [25, 26] .
Statistical analysis
Summary statistics were used to describe clinical features of the cohort along with use of conservative foot health intervention provided by podiatrists and orthotists up to 9 years after diagnosis. Exploratory analysis was performed to identify patient-specific factors associated with use of podiatry and surgery. For podiatry, odds ratios (ORs) were calculated separately for each independent variable using bivariate logistic regression analyses, and then the independence of these associations were verified through multiple binary logistic regression modelling. Wald tests were used to assess the significance of the association between each predictor and the odds of the outcome. Pearson's residuals and leverage values were inspected to identify any potential outliers. Hosmer and Lemeshow tests were used to assess goodness-of-fit and the receiver operating characteristic (ROC) area under the curve was used as an indicator of the discriminatory power of each model. For surgery (where more accurate data were available regarding the timing of the intervention), Cox proportional hazard regression analyses were conducted for variables recorded at entry into the study and at 1 year; variables recorded at any time during follow-up were entered into binary logistic regression models as for podiatry. For Cox regression, the proportional hazards assumption was tested for individual variables www.rheumatology.oxfordjournals.org and then for the model as a whole using a likelihood ratio test of nested models, one of which contained a full set of interactions between all of the entered variables and log (time to surgery). Goodness-of-fit was assessed using the Groennesby and Borgan test. Statistical analyses were conducted in PASW 17.0.2 and Stata 11. Full data were not available for all patients, but because the proportion of patients with missing data was low (<6%), we chose to include only patients with data available at each stage of the analysis and did not impute any missing values.
Results
The sample consisted of 1237 patients, of whom 33.1% (n = 409) were male and 66.9% (n = 828) were female. The mean (S.D.) age at onset of symptoms was 54. 36 . Data on the Carstairs deprivation index were available for 1231 patients: proportions of patients falling into the five quintiles were 18.2% (lowest quintile), and 21.9, 24.4, 18.0 and 17.1% (highest quintile). Maximum follow-up for conservative care varied, with 57% (n = 702) followed up for 9 years, 92% (n = 1142) for 5 years and 100% (n = 1237) for 3 years. At maximum follow-up, 82% (n = 1012) had been RF positive at some point of theirdisease, 79% (n = 974) had ever had erosions detected on X-ray and 34% (n = 425) had ever had nodules.
Patients who were lost to follow-up or died before their 9-year follow-up did not differ substantively from those who were followed up in terms of age at onset (mean 56 vs 53 years), gender (both groups 67% females), baseline DAS (mean 4.2 vs 4.3), baseline HAQ (median 1.125 vs 1.000), RF-positive status (72 vs 75%), presence of erosions at baseline (16 vs 19%) or Carstairs deprivation index (lowest or second quintile 38 vs 42%; fourth or highest quintile 36 vs 34%).
Although 827 (68.9%) out of 1201 used assistive appliances during the study period (e.g. wrist splints, kitchen aids, etc.), only 20 patients reported using a walking aid or caliper, and hence this number was too small for meaningful further analysis. However, 190 (15.5%) out of 1225 patients were seen by an orthotist during the follow-up period and associations with use of podiatry and use of surgery were explored.
Data on podiatry input were available for 1218 patients, of whom only 30% (n = 364) received podiatry care following inception. The proportion of patients seeing a podiatrist increased with time despite the absolute numbers falling due to incomplete data. At 3 years, 17.4% (n = 200/1152) had seen a podiatrist; by 5 years the proportion was 26.1% (n = 266/1021) and had risen to 36.5% (n = 251/687) by 9 years.
A total of 59 surgical procedures were performed on 47 (4%) patients; the mean (S.D.) age of patients at their first operation was 53.6 (12.8) years. The time to patients having their first operation ranged from 7 to 106 months, with a median (first to third quartile) of 58 (4179) Table 1 (supplementary details of the logistic regression analyses are presented in appendix A, available as supplementary data at Rheumatology Online).
Use of podiatry
Bivariate analyses revealed associations between several demographic factors and use of podiatry ( Table 1 ). The mean (S.D.) age at onset of the group who had ever received podiatry was 59.10 (13.0) years, whereas those who did not receive podiatry were younger with a mean (S.D.) age of 52.21 (14.2) years. Unadjusted odds of receiving podiatry increased with age, and were higher in females than males. No association was identified between social deprivation and use of podiatry.
Markers of disease severity were examined and found to be inconsistently associated with future podiatric care. There were no substantive associations with the presence of nodules or RF at baseline or 1 year. However, the presence of erosions in the hands or feet at either time point increased the odds of accessing podiatry as did higher ESR, DAS and HAQ.
Patients who saw an orthotist at any point during the follow-up period were also more likely to see a podiatrist (OR 4.33). There was some evidence that recording a positive RF at any point during follow-up was associated with higher odds of podiatry (OR 1.32), but this was not statistically significant at the 5% level (P = 0.093). Patients with reduced ROM in their feet during the follow-up period were more likely to be treated by podiatrists. Reduced hindfoot ROM was most strongly associated with podiatry (OR 2.71, P < 0.001) closely followed by impairment of the MTP joints (OR 2.68, P < 0.001) and ankle (OR 2.35, P < 0.001). Investigation of associations between markers of disease severity and foot surgery revealed that baseline DAS demonstrated a strength of association with any foot surgery similar to that with the use of podiatry (HR 1.23 for each unit increase in DAS, P = 0.015). In contrast, baseline ESR and HAQ at baseline were not significantly associated with foot surgery. Furthermore, by 1 year, neither ESR, DAS nor HAQ was associated with future foot surgery. Patients having foot surgery were also more likely to receive care from an orthotist (OR 5.29, P < 0.001). However, out of the 47 patients who had foot surgery, 28 of them had not seen a podiatrist in the first 9 years of their disease, and 18 had seen neither a podiatrist nor an orthotist.
Predictors of future podiatry and foot surgery
Multivariate logistic and Cox regression models were constructed to predict future use of podiatry and any foot surgery using variables available at inception to the cohort, or at 1 year. Age at onset, gender, Carstairs deprivation index, baseline RF, presence of erosions in the hands or feet (at baseline or 1 year), DAS (at baseline or 1 year) and HAQ (at baseline or 1 year) were entered into the models exploring podiatry. ESR was included in the DAS, and X-ray erosions in the feet and erosion in hands or feet were collinear; therefore, only DAS and erosions in feet were entered into the models. Values for age at onset and baseline DAS and HAQ were centred on the means of their distributions. Data on ROM and whether patients saw an orthotist were not available at baseline or 1 year; because they were likely to change throughout the disease course they were not entered into the models.
Since only a small number of patients had foot surgery, only variables that were individually associated with the outcome at the 20% significance level (sex, age at onset, X-ray erosions in the feet and baseline DAS) were entered into the surgery model. While this approach risks excluding variables that might have emerged as significant contributors to the multivariate model, this was preferable to biasing the results by including too many predictors as this can destabilize the model and/or lead to inaccurate coefficient estimates.
When all of the putative predictors were entered into the podiatry model simultaneously, female gender, increasing age at onset, being RF positive and increasing baseline DAS were each independently associated with increased odds of seeing a podiatrist. Results for a parsimonious model containing only these significant predictors are presented in Table 2 . There was no evidence of interactions between the predictors. This model was a statistically adequate fit to the observed data (Hosmer and Lemeshow goodness-of-fit P = 0.313), but it did not have substantial discriminatory power [area under the ROC curve (95% CI) = 0.70 (0.67, 0.73)]. Adjusting for the duration of follow-up slightly improved the discriminatory power of the model [0.73 (0.70, 0.76)] because those with longer follow-up were more likely to see a podiatrist, but the addition of this term to the model did not substantively alter the ORs for the existing predictors, consequently the ORs presented have not been adjusted for duration of follow-up.
At 1 year, gender, age at onset and DAS remained in the model (Table 2) . RF was no longer independently associated with podiatry, but the presence of erosions in the feet at 1 year was associated with an increase in the odds of seeing a podiatrist. HAQ was not found to be associated with the odds of podiatry at baseline, but at 1 year showed evidence of being associated with subsequent podiatry use. The 1-year model did not have substantially greater discriminatory power than the baseline model.
At baseline, female gender, younger age at onset and DAS were each independently associated with the risk of having any sort of foot surgery (Table 3) . Full data for this model were available for 1227 patients, 47 of whom had surgery during the follow-up period. There was no evidence of any interactions between the predictors. For this model, the proportional hazards assumption held (all individual variables P > 0.05, overall model P = 0.902) and the fit statistics were adequate (Groennesby and Borgan goodness-of-fit P = 0.263), but the C-index did not indicate substantial discriminatory power (C = 0.67).
At 1 year, female gender and younger age at onset were associated with the risk of having foot surgery, but DAS at 1 year was not associated with subsequent foot surgery (OR 1.099, P = 0.348). Although the presence of erosions in the feet at baseline was not strongly associated (OR 1.684, P = 0.112) by 1 year, foot erosions were associated with an increase in the risk of having foot surgery within the follow-up period. Full data for the model containing gender, age and foot erosions at 1 year were available for 1075 patients, 39 of whom had surgery during the follow-up period. For this model, the proportional hazards assumption held (all individual variables P > 0.05, overall model P = 0.656) and the fit statistics were adequate (Groennesby and Borgan goodness-of-fit P = 0.871), but the C-index did not indicate substantial discriminatory power (C = 0.70).
Discussion
This study is the first to describe on a national level the use of foot care including foot surgery in a multicentre cohort of patients with RA. It has identified low levels of both conservative and surgical foot care over the first 9 years of treatment. This study has also identified www.rheumatology.oxfordjournals.org patient-specific factors at disease onset that are then associated with subsequent conservative and surgical foot care and attempts to differentiate between the two.
Patients with higher disease activity at onset were more likely to receive foot surgery or conservative therapy. However, older female patients were more likely to have conservative foot care whereas younger female patients were more likely to have foot surgery. The strength of the study is the design: a prospective longitudinal cohort with 9-year follow-up of patients and a wide geographical area suggests that the results are representative of secondary care in true to life settings across England. This highlights the relative lack of podiatry: only 29% of the cohort had ever seen a podiatrist despite previous studies highlighting the widespread nature and high disease burden of foot symptoms in RA [1, 2, 1416, 30] .
Recent data suggest that the prevalence of foot symptoms is similar within the first 2 years of disease with a point prevalence of 61.3% and a disease course prevalence of 90% [30] . This further supports the contention that with only 29% of the cohort ever seeing a podiatrist, there remains a substantial unmet need. It was also notable that, of the 47 patients who had surgery in the first 9 years, 28 of them had never seen a podiatrist. This may suggest a lack of integration between foot care providers, which is consistent with previous studies [22] and raises questions about the timing of both conservative and surgical interventions.
The importance of foot and ankle pathology in RA has gained recognition through the recently introduced ARMA Standards of Care for People with musculoskeletal conditions and the National Institute for Health and Clinical Excellence (NICE) guidelines for people with RA: both recommend that all people with RA and foot problems should have access to a podiatrist [31, 32] . The results of this study do not capture the affect of the introduction of such guidelines nor the recent advances in pharmacological therapy. It does, however, provide important baseline data from which to evaluate the impact of these developments on levels of foot care in patients with RA.
Limitations of the current study are implicit in the design of all prospective observational cohorts with long-term follow-up: clinical practice is likely to evolve during the study period, but data are unlikely to reflect results of changes occurring near the end of the study period. As such the effect of the recently introduced NICE and ARMA guidelines are not captured, nor is the potential impact of improved pharmacological therapy. Similarly secondary analyses, such as this, are limited to investigating variables collected in the original data set. While it is possible that other factors may predict future foot care, we were not able to investigate them in the current study. However, it must be remembered that prospective cohorts provide robust data offering unique insights into the natural history, management and impact of disease [33] . Although this design does have limitations it also accounts for the study's major strengths of prospective, multicentre data in a large inception cohort with 9-year follow-up.
Traditionally, the literature suggests that the lack of attention paid to the feet during routine clinical care is a major contributor to low levels of foot health care. The standard measure of disease activity [28-joint DAS (DAS-28)] does not include any foot joints, and ever since the development of the DAS-28 it has been argued that in order to improve clinical care the joints of the feet must be examined [3438] . However, the joint count used in the ERAS cohort did include the feet and yet levels of foot care were still very low. While this is likely to be in part due to poor availability of foot health services, it also suggests that foot examinations should be more complex than merely assessing the number of tender and swollen joints. Clinicians should have the skills required to assess the complex soft-tissue structures in the foot that are frequently affected in RA.
With only 4% of the cohort having foot surgery, it is clear that its use is not widespread in the first 9 years after disease onset. Without evidence-based guidelines of when to escalate individual patients from conservative to surgical care, it is not possible to say whether this number represents adequate access to surgery or otherwise. Nonetheless, this is the first time this information has been reported across such a cohort and sets an important benchmark for future comparison. Over two-thirds of foot operations in the cohort were performed on the MTP joints. This may reflect the extent of forefoot deformity in RA [7, 8] along with the successful results of the forefoot arthroplasty that has previously been shown to be the most widely used forefoot procedure in RA [10] .
From the multivariate models, it is clear that global patient factors previously linked with more severe disease [39, 40] such as age, gender and baseline DAS, were found to be independently associated with future conservative and surgical foot care. However, these models showed limited discriminatory ability and it is not clear whether this observed effect is due to the small number of patients receiving foot care or whether there are additional factors affecting the type of foot care received.
While there are clear benefits of knowing which patients are likely to receive conservative or surgical foot care, care must be taken not to confuse this with predicting patients who will need foot care or even benefit from it. Outcomes from conservative and surgical treatment have been shown to vary, particularly so in surgery where the potential for large improvements in pain and quality of life must be weighed against the risk that patients could be worse off [41, 42] . Much work is still needed to guide clinical decision-making and treatment choice in order to bring the era of personalized medicine to foot care: identifying patients with capacity to benefit from treatments would be a conceptually superior approach to both individual case management and broader service planning [43] .
In conclusion, we found that fewer than one-third of patients accessed conservative foot care within the first 9 years after onset of their RA and only 4% had foot surgery. Female patients with later onset of disease were more likely to have conservative foot care, whereas female patients with earlier disease onset were more likely to have foot surgery. For the first time, we have identified patient-specific factors associated with subsequent conservative and surgical foot care. Despite the known high prevalence of foot symptoms and the increasing www.rheumatology.oxfordjournals.org evidence of their impact on patients, there remains a substantial unmet need for foot care in patients with RA.
Rheumatology key messages
. Fewer than one-third of patients had accessed podiatry 9 years after disease onset, representing a large unmet need. . Older females were more likely to have conservative care, whereas younger females were more likely to have surgery.
